The magnetic flux structure in the basal plane, (001), of single crystals of superconducting (R = Er) and non-superconducting (R = Tb) RNi 2 B 2 C was studied by high resolution Bitter decoration at temperatures below T c (superconducting transition) and/or T N (antiferromagnetic transition).
The coexistence of superconductivity and magnetism is studied in two distinct classes of materials: artificially structured (multilayered) systems 1, 2, 3, 4 and spatially uniform (bulk) crystals. The coexistence of ferromagnetism and superconductivity in bulk materials has been observed in a very limited number of cases. In the RRh 4 B 4 series the temperature interval of coexistence of superconductivity and ferromagnetism is rather narrow 5, 6 . For superconducting ferromagnets with T c < T F M (rutheno-cuprates, uranium compounds under pressure) a variety of domain structures has been predicted 7, 8 . Over the past decade, the family of rare earth borocarbides, RNi 2 B 2 C (R = rare earth) 9 has become a convenient model system in which long range magnetic order (associated with magnetic rare earth ions 10 ), superconductivity and the coexistence of these two phenomena is observed with the specific ground state depending on the specific rare earth ion 11, 12, 13, 14 . For example, for R = Y, Lu, superconductivity with T c ≈ 15.5 K and 16.5 K, respectively, was observed, while The Bitter decoration technique is based on the segregation of fine dispersed magnetic particles on the surface of a superconductor or a magnetic material due to the regions of inhomogeneous magnetic flux 23, 24 . Scanning electron microscope images of the magnetic particle distribution (bright dots in the figures below) provide information about the structure of vortices or magnetic domains. The high resolution (< 100 nm) of this technique is due to the small size of the magnetic particles (< 10 nm) that are produced, at low temperature, by evaporation of the magnetic material (in our case, iron) from the surface of a tungsten wire in a buffer gas (helium) atmosphere at low pressure (∼ 10 −2 Torr) 24 .
TbNi 2 B 2 C and ErNi 2 B 2 C single crystals were grown using a Ni 2 B, high temperature flux method 11, 25 . As grown (001) surfaces with approximate dimensions of 3 × 5 mm 2 were used in these experiments. The decoration was performed in the field-cooled regime with the magnetic field ∼ 20 Oe for ErNi 2 B 2 C and ∼ 1.1 kOe for TbNi 2 B 2 C, applied along the c axis of the crystals (this 50 -fold difference in applied field is associated with the fact that in ErNi 2 B 2 C the vortices provide the flux contrast whereas in TbNi 2 B 2 C the contrast has to come directly from the local moment structure).
The decoration temperature, T d , was in the range of 2.6 K to 15 K. It should be mentioned that in these experiments the decoration temperature is defined as the temperature of the gas measured by a resistive thermometer, placed in the vicinity of the sample, just after the current through the evaporator is turned on. During the thermal evaporation of iron the heating of the system occurs so that the temperature in the evaporation chamber may increase by several degrees, therefore in the experiment the decoration chamber is initially cooled down to the temperature
by decrease of the size (mass) of the evaporator using a 0.05 mm diameter tungsten wire.
The lowest T d in decoration experiments reported in the literature so far is 2.9 K 26 . In our experiments the lowest temperature T 1 was 1.6 K, in this case the T d was estimated as 2.6
K. These reduced temperatures allow us to try to image the WFM state in ErNi 2 B 2 C which
Scanning electron microscope (SEM) was used for visualization of the decoration patterns after warming of the sample up to the room temperature.
A Bitter decoration pattern on the (001) surface of TbNi 2 B 2 C single crystal after field cooling in a field of H = 1.1 kOe applied along the c axis is shown in Fig. 1 . One type of domain boundaries are aligned along the < 110 > directions. These are often separated by 3-10 µm, but (as can be seen in Fig. 1 ) can also have much larger spacings as well.
A second set of boundaries, aligned along the < 100 > directions appear with an order of magnitude smaller separation between them. Similar structures were observed in The pinning of the vortices along the < 100 > directions is only clearly seen in regions of the sample where the {110} twin boundaries are absent. The details of the twin boundary spacing appear to be sample dependent and are probably are complex functions of multiple extrinsic, strain effects.
In order to (i) more fully detail the effects of WFM on vortex state and (ii) illustrate the difficulty of these experiments, a further set of experiments followed the evolution of the patterns observed on the same region of the (001) surface of a ErNi 2 B 2 C crystal that was cooled down to different temperatures: (a) T 1 < T W F M and (b) T W F M < T 1 < T N before decoration. The protocol of the experiments is shown schematically in Fig. 3 . Two distinct scenarios were observed. In the first case (scenario I) after the crystal was cooled down to In the second case (scenario II), in decoration experiments on a different ErNi 2 B 2 C crystal, the first cooling down to T 1 < T W F M and decoration at T d ≥ T W F M resulted in the pattern shown in Fig. 5a , with rows of vortices along < 100 > directions observed in several parts of the crystal where the twin boundaries along {110} were absent. On a subsequent cooling down to T 1 = 4.2 K > T W F M and decoration below T N only rows of vortices along twin boundaries {110} were observed, including the regions of the crystal where they were absent on initial decoration experiment (Fig. 5b) . It is important to mention that only patterns similar to one in Fig. 5b were observed in further experiments on this crystal.
Out of six ErNi 2 B 2 C crystals studied, scenario I was realized in two, scenario II was observed in one, and the other three crystals showed only the {110} twin boundaries.
In all cases they were observed, the distance between the rows of vortices along the < 100 > direction in ErNi 2 B 2 C is much smaller that between the the rows of vortices along the < 110 > (Figs. 2,4,5) , similar to the distances between alleged magnetic domain boundaries in TbNi 2 B 2 C crystals (Fig. 1 ). 
Our observations in ErNi

